###### Strengths and limitations of this study

-   Used Behavioral Risk Factor Surveillance System and other census-derived and nationally representative datasets.

-   This study examined the association between healthcare resources (provider supply and physical facilities) and cardiovascular health, as defined by the American Heart Association's cardiovascular health index, in both individuals and populations.

-   Thus, our results reported here provide strong support that increasing the supply of primary care providers is likely to improve cardiovascular health in individuals and entire communities.

-   Two key caveats are noted: not all sociodemographic groups will be likely to benefit equally from additional primary care providers, and there are significant challenges to increasing the number of primary care providers in communities.

-   To our knowledge, this is the first study to assess the relationship between healthcare resource availability and cardiovascular health. A key strength of this study is the use of Behavioral Risk Factor Surveillance System (BRFSS)---a large, nationally representative sample. The key, and well-recognised, limitation of this study is the self-report methodology for all BRFSS questions, which may have overestimated the cardiovascular health index.

Introduction {#s1}
============

Although mortality attributable to cardiovascular disease (CVD) continues to decline, CVD remains the cause of one-third of all deaths in the USA[@R1] and it is projected that, by 2030, more than 40% of Americans will be living with CVD and, further, the direct medical costs of CVD are predicted to triple and indirect costs to increase by 61% (both from 2010 levels).[@R2] To ameliorate the burden of CVD, improving cardiovascular health (CVH) has been prioritised as a public health goal. Both the American Heart Association (AHA), through their 2020 Strategic Impact Goals,[@R3] and the CDC, through Healthy People 2020 (HP2020) objectives,[@R4] aim to improve the CVH of Americans.

To advance these priorities, the AHA developed a comprehensive index to measure CVH in individuals and populations.[@R3] The scientific rationale as well as the development process and criteria for this score have been thoroughly described elsewhere.[@R3] The cardiovascular health index (CVHI) is a composite of seven well-recognised and evidence-based CVD risk factors that includes both biological health factors (total cholesterol, blood pressure, body mass index and blood glucose) and health behaviours (smoking, physical activity and diet). The CVHI is intentionally not a predictive score, but rather an aggregate measure of CVH. Thus, each of the seven elements is weighted evenly and scored according to age and gender-specific criteria constituting 'ideal' status for that element (two points), 'intermediate' status for that element (one point) or 'poor' status for that element (0 points), resulting in a total score that can range from 0 points ('poor' on all seven elements) to 14 points ('ideal' on all seven elements). Because the scoring criteria have been established to be age and gender specific, including for children, importantly everyone in a population (or sample) receives a non-binary, numeric score, which affords important analytic advantages to the CVHI. Also part of the design of the CVHI, the index can be used directly by individuals (specifically, the 'My Life Check -- Life's Simple Seven' campaign by the American Heart Association[@R5]), by healthcare providers, or can be applied to populations and epidemiological cohorts, such as nationally representative and longitudinal studies, so as to advance health promotion, research, population-level monitoring, and, ultimately, policies and approaches to improve CVH in individuals and entire communities.

Because of the importance and flexibility of this tool, the CVHI has been widely used and applied in now hundreds of studies. Generally, the prevalence of 'ideal' CVHI has been reported to be quite low---estimates from nationally representative US studies have ranged from 1% to 5%.[@R6] Significant racial and ethnic disparities in ideal CVH have also been reported.[@R8] With growing concern for the ability to meet stated public health goals,[@R9] the need for population-based approaches is underscored. Such approaches will require an understanding of CVH, factors that affect CVH and the tools, such as public policies,[@R10] that can improve CVH in individuals and entire populations.

Healthcare resources (HCrRes) are understood as key to maintaining and improving health, as reflected in HP2020 objectives to increase access to insurance, providers, preventive services and medical homes.[@R4] A medical home has been associated with better health status,[@R11] more equitable care[@R12] and increased use of preventive services.[@R13] Two essential dimensions of a medical home are availability (supply) of providers and physical facilities.

Increased physician supply has been associated with better outcomes across myriad medical conditions and procedures,[@R15] and was found to result in improved health outcomes.[@R16] Additionally, increased primary care physician supply (PCP-S) has been associated with increases in positive health outcomes,[@R11] including self-reported general health,[@R18] higher state health rankings[@R19] and decreased mortality.[@R20] One study determined that a 1 per 10 000 population increase in PCP-S decreased all-cause mortality 5.3% per year.[@R21] As there is a documented shortage of PCP-S, particularly in rural areas,[@R22] it has been proposed that increasing the availably of physician assistants (PA) and nurse practitioners (NP) may compensate.[@R23] Several studies have suggested that PAs and NPs provide a similar quality of services and may contribute to cost-containment,[@R24] particularly in rural areas.[@R25]

Community health centres, such as Rural Health Centres (RHC) and Federally Qualified Health Centres (FQHC) funded by the Health Research and Services Administration (HRSA), aim to provide a medical home to underserved communities and vulnerable populations.[@R27] Uninsured and Medicaid patients visiting these centres are more likely to have a regular source of care, have seen a provider in the past year and to receive preventive screenings when compared with patients at other sites of care.[@R29] Further, studies have reported that these centres provide more equitable care and an increased number of services for vulnerable populations when compared with other primary care sites.[@R30]

The purpose of this study was to examine the association between HCrRes (provider supply and physical facilities) and CVH, as defined by the CVHI, in both individuals and populations. Thus, we conducted a cross-sectional, multivariable analysis. Necessary adjustment for the insurance status of individuals and communities was considered, but was not the focus of this study.

Methods {#s2}
=======

Participants {#s2a}
------------

The Behavioral Risk Factor Surveillance System (BRFSS), administered by the CDC, is an annual telephone survey administered in each US state and the District of Columbia, collecting information on health behaviours, chronic conditions and use of preventive services.[@R32] Random digit dialling and a complex sampling frame are used to interview adults≥18 years of age who are part of the civilian, non-institutionalised population. Commencing in 2011, both landline and cell phone numbers were included in the BRFSS sampling frame. Detailed descriptions of the BRFSS study design and methods are described elsewhere.[@R32] Due to question availability for all AHA CVHI components, 2011 BRFSS data were used in this study.

All 2011 BRFSS participants were examined for eligibility (n=507 402). Participants were ineligible if they were missing data necessary to calculate any of the CVHI components (n=157 908), or a county Federal Information Processing Standards (FIPS) code (n=37 163). Females were also ineligible if they reported being pregnant (or unknown) at the time of survey (n=3693).

Communities were defined as a health service area (HSA). HSAs, originally defined in the 1990s based on the hospital usage patterns of Medicare recipients,[@R33]are a single county or cluster of contiguous counties which are reasonably independent regarding hospital care. Unique county FIPS codes were aggregated to a unique HSA using the National Cancer Institute's Surveillance, Epidemiology, and End Results Program.[@R34] HSAs with fewer than 15 eligible participants were excluded (n=120).

The final, eligible population included in this study was 308 895 individuals (60.9% of all 2011 respondents) from 833 HSAs (87.5% of all HSAs).

Outcome measure (dependent variable): CVHI {#s2b}
------------------------------------------

Each of the seven CVHI components (blood pressure, total cholesterol, blood sugar, body mass index, smoking, physical activity, nutrition) was assigned points, with points summed for an overall score.[@R3] As we, and others, have previously reported, the original CVHI scoring method must be adapted slightly, as BRFSS questions only permit the determination of two levels for each factor.[@R6] As outlined in online [Supplemental table S1](#SP1){ref-type="supplementary-material"}, CVHI was calculated as a count of components meeting 'ideal' criteria and could range from 0 to 7, with higher scores indicating better CVH.
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Exposure variables (independent variables): HCrRes {#s2c}
--------------------------------------------------

Data for determining HCrRes were obtained from the Area Health Resource File (AHRF),[@R36] an annual compilation of healthcare and socioeconomic data from \>50 sources that is amassed and maintained by HRSA. We defined HCrRes as the number of primary care physicians, PAs, NPs and CVD specialists; and the number of hospital beds, FQHCs or RHCs, and hospitals with a primary care department. The technical definition and primary source for each variable is available in the documentation accompanying the AHRF.[@R36] Estimates of resource availability were determined by summing the absolute number of each resource for all counties in an HSA and then dividing by the total HSA population.

Covariates {#s2d}
----------

For individuals, demographic characteristics obtained from BRFSS included age; sex; race/ethnicity; education level; income; and insurance status. Sociodemographic characteristics of each county were obtained from the AHRF[@R36] and aggregated to each HSA as discussed above. HSA-level covariates included were (for categorical variables, expressed as a percentage of the total HSA population) male; non-Hispanic black; Hispanic; median household income; 4-year college graduates; health insurance status; urban status; aged 65+; poverty. Data availability in the AHRF varies slightly, so data for covariates ranged from 2010 or 2011. However, intracommunity year-to-year variation in these characteristics is small; the impact on the results of subsequent analyses is expected to be negligible.

Statistical analysis {#s2e}
--------------------

This study consisted of a retrospective, cross-sectional study design. For individuals, Poisson regression analyses were performed to determine the association between HCrRes and individual CVHI, with adjustment for HSA and individual-level covariates. Poisson regression coefficients were interpreted as mean ratios. The assumptions for Poisson regression were assessed both within and outside of survey procedures and, for all models, test statistics indicated that overdispersion was not present or unlikely (test results not shown).

Community-level demographic characteristics were estimated using means and percentages of each covariate, and age-standardised mean CVHI was determined using 2000 US projected population (distribution 8).[@R37] Linear regression analyses were performed to assess the association between HCrRes and CVHI in communities (HSAs). Standardised coefficients were examined to assess the comparative impact of HCrRes and covariates on HSA-level CVHI. Assumptions for linear regression analysis were assessed and, for all models, assumptions were satisfied (test results not shown).

Interactions between PCP-S and all individual and HSA-level covariates were assessed. For significant interactions, we determined the predicted CVHI at given numbers of primary care physicians for each covariate strata, with all other covariates in the model set to the mean level for that covariate.

For community-level analyses, results for descriptive statistics are presented as mean±SD, or as frequencies with the corresponding proportion. All analyses of individual-level data were conducted using survey procedures to account for BRFSS survey weights and sampling design and thus results from all individual-level analyses are reported as weighted results. Due to the sampling methodology employed by BRFSS, estimates for SD for individual-level analyses may not be accurate and thus all weighted mean values are reported±SE.

Mapping of CVHI in HSAs was performed using ArcGIS 10.1 (ESRI 2012. ArcGIS Desktop: Release 10.1. Redlands, California: Environmental Systems Research Institute). All statistical analyses were performed with Stata V.13 (Stata2013. Stata Statistical Software: Release 13. College Station, Texas: Stata).

Results {#s3}
=======

Individual and community (HSAs) characteristics are presented in [table 1](#T1){ref-type="table"}. Eligible individuals were more likely to be female (52.5%), non-Hispanic white (72.4%), have at least some college education (59.4%) and have some health insurance coverage (88.3%). Compared with eligible individuals, non-eligible individuals were younger, male and less educated (not shown). Included communities were mostly urban (74.8%), and averaged 21.4%±7.9 college graduates, 14.4%±4.2 with no health insurance and 15.1%±3.5 ≥65 years old. Compared with included HSAs, excluded HSAs were more likely to have a smaller non-Hispanic black and Hispanic population, a smaller proportion of college graduates, a slightly larger proportion living in poverty and were substantially more rural (not shown).

###### 

Summary characteristics of the study populations: (A) demographic and socioeconomic characteristics of included individuals; (B) demographic and socioeconomic characteristics of included communities; (C) community (HSA) healthcare resource variables per 100 000 population; (D) cardiovascular health for included individuals and communities

  -------------------------------------------------------------------------------------------------- -----------------
  **A. Individual-level covariates: individual demographic and socioeconomic characteristics**       
  Age (years)                                                                                         51.4±0.06
  Sex                                                                                                
   Female                                                                                            189 044 (52.5%)
   Male                                                                                              119 753 (47.5%)
  Race/ethnicity                                                                                     
   Non-Hispanic white                                                                                249 022 (72.4%)
   Non-Hispanic black                                                                                25 905 (11.3%)
   Hispanic                                                                                          15 736 (11.0%)
   Other                                                                                             10 111 (5.3%)
  Education                                                                                          
   Less than high school                                                                             23 284 (12.2%)
   High school                                                                                       86 991 (28.4%)
   Some college                                                                                      198 083 (59.4%)
  Income                                                                                             
   Under \$25 000                                                                                    75 356 (26.6%)
   \$25 000--\$49 999                                                                                72 534 (25.2%)
   \$50 000--\$74 999                                                                                44 871 (16.3%)
   \$75 000 or more                                                                                  79 975 (31.8%)
  Insurance status                                                                                   
   Some coverage                                                                                     283 666 (88.3%)
   None                                                                                              24 636 (11.7%)
  **B. Community-level covariates: community (HSA) demographic and socioeconomic characteristics**   
  Age                                                                                                
   % 65 years and older                                                                              15.1±3.5
  Sex                                                                                                
   % Male                                                                                            49.6±1.3
  Race/ethnicity                                                                                     
   % Non-Hispanic black                                                                              9.7±13.0
   % Hispanic                                                                                        9.4±12.7
  Education                                                                                          
   % College graduates                                                                               21.4±7.9
  Income                                                                                             
   Median household income (\$)                                                                      44 082±9958
   % Poverty                                                                                         16.7±5.1
  Health insurance                                                                                   
   % No health insurance                                                                             14.4±4.2
  Population density                                                                                 
   Urban                                                                                              623 (74.8%)
   Not urban                                                                                          210 (25.2%)
  **C. Exposure variables: community (HSA) healthcare resources (per 100 000 population)**           
  Primary care physicians                                                                            63.4±20.8
  Physician assistants                                                                               24.6±16.0
  Nurse practitioners                                                                                40.1±18.7
  Cardiovascular disease specialists                                                                 4.1±4.0
  Hospital beds                                                                                      334.0±193.5
  Number of FQHCs or RHCs                                                                            6.6±7.0
  Hospitals with a primary care department                                                           1.0±1.4
  **D. Outcome measure: CVHI**                                                                       
  Individual CVHI                                                                                    3.30±0.005
  Community CVHI                                                                                     3.34±0.3
  -------------------------------------------------------------------------------------------------- -----------------

For individual-level demographic characteristics (section A): values are presented as weighted mean±SE for continuous variables (age), and unweighted (raw) frequency (n) and weighted proportion (%) for categorical variables (sex, race/ethnicity, education, income, insurance status) for the entire population of included individuals.

For community-level (HSA) demographic characteristics (section B): values are presented as mean±SD, where the statistic has been averaged across all included HSAs. The exception is population density, which is reported as a direct count of all HSAs in each category.

For community-level healthcare resources (section C): values are presented as means±SD, where the statistic has been averaged across all included HSAs. Results are reported as per 100 000 population.

For CVHI (section D): values for individual-level analysis are presented as the survey weighted mean±SE. Values for community-level analysis are presented as age-standardised mean±SD, where the statistic has been averaged across all included HSAs. For CVHI, higher scores indicate better cardiovascular health. The maximum possible score, for both individuals and aggregated at the HSA, is 7.

CVHI, cardiovascular health index; FQHC, Federally Qualified Health Centre; HSA: health service area; RHC, Rural Health Centre.

Exposure (HCrRes) and outcome variables are also summarised in [table 1](#T1){ref-type="table"}. On average, communities had 63.4±20.8 per 100 000 population primary care physicians and 24.6±16.0 per 100 000 PAs, whereas there were 4.1±4.0 per 100 000 CVD specialists. Additionally, communities had, on average, 334.0±193.5 per 100 000 hospital beds. The average CVHI score for individuals was 3.30±0.005 units. Mean community-level CVHI was 3.34±0.3 units. The geographical distribution of age-standardised HSA-level CVHI is shown in [figure 1](#F1){ref-type="fig"}. HSAs with insufficient data were more frequently located in the Midwest and upper plains.

![Mean age-standardised cardiovascular health index for US health service area, 2011 (Behavioral Risk Factor Surveillance Survey data).](bmjopen-2017-016758f01){#F1}

Results from Poisson regression analyses assessing the association between HCrRes and individual-level CVHI are shown in [table 2](#T2){ref-type="table"}. In univariate analysis, all HCrRes variables were associated with CVHI, except NPs. After adjustment for all covariates (individual level and community level), PCP-S, PAs, CVD specialists and hospital beds remained statistically significantly associated with individual-level CVHI: PCP-S and PAs were positively associated with CVHI, while CVD specialists and hospital beds were negatively associated with CVHI.

###### 

Results from Poisson regression analysis assessing the association (mean ratios) between community (HSA) healthcare resources and individual-level CVHI, unadjusted and adjusted for individual and community (HSA) socioeconomic and demographic covariates

  ----------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                              Univariate\         Adjusted                        
                                                                                              (Unadjusted)                                        
  ------------------------------------------------------------------------------------------- ------------------- ---------- -------------------- ----
  Exposure variables: community (HSA) healthcare resources                                                                                        

    Primary care physicians                                                                   1.02 (1.01--1.02)   \*         1.01 (1.00--1.01)    \*

    Physician assistants                                                                      1.01 (1.00--1.01)   \*         1.00 (1.00--1.01)    \*

    Nurse practitioners                                                                       1.00 (1.00--1.00)              1.00 (1.00--1.00)    

    Cardiovascular disease specialists                                                        1.04 (1.04--1.05)   \*         0.98 (0.97--0.99)    \*

    Hospital beds†                                                                            0.98 (0.98--0.99)   \*         1.00 (0.99--1.00)§   \*

    Number of FQHCs and RHCs‡                                                                 0.99 (0.99--1.00)   \*         1.00 (1.00--1.00)    

    Hospitals with primary care department‡                                                   0.98 (0.98--0.98)   \*         1.00 (0.99--1.00)    

  Individual-level covariates: individual demographic and socioeconomic characteristics                                                           

   Age (per 10 years)                                                                         0.94 (0.93--0.94)   \*         0.94 (0.94--0.94)    \*

   Sex                                                                                                                                            

    Male                                                                                      1.00                           1.00                 

    Female                                                                                    1.10 (1.09--1.11)   \*         1.12 (1.12--1.13)    \*

   Race/ethnicity                                                                                                                                 

    Non-Hispanic white                                                                        1.00                           1.00                 

    Non-Hispanic black                                                                        0.92 (0.91--0.93)   \*         0.93 (0.92--0.94)    \*

    Hispanic                                                                                  1.01 (0.99--1.02)              1.00 (0.99--1.01)    

    Other                                                                                     1.09 (1.07--1.10)   \*         1.01 (1.00--1.03)    \*

   Education                                                                                                                                      

    Less than high school                                                                     1.00                           1.00                 

    High school                                                                               1.10 (1.09--1.12)   \*         1.05 (1.04--1.06)    \*

    Some college                                                                              1.25 (1.24--1.27)   \*         1.12 (1.10--1.13)    \*

   Income                                                                                                                                         

    Under \$25 000                                                                            1.00                           1.00                 

    \$25 000--\$49 999                                                                        1.10 (1.09--1.11)   \*         1.08 (1.07--1.09)    \*

    \$50 000--\$74 999                                                                        1.16 (1.15--1.17)   \*         1.11 (1.10--1.12)    \*

    \$75 000 or more                                                                          1.26 (1.25--1.27)   \*         1.17 (1.16--1.18)    \*

   Insurance status                                                                                                                               

    Some coverage                                                                             1.00                           1.00                 

    None                                                                                      0.98 (0.97--0.99)   \*         1.00 (0.99--1.01)    

  Community-level covariates: community (HSA) demographic and socioeconomic characteristics                                                       

    % Non-Hispanic black                                                                      0.99 (0.99--0.99)   \*         1.00 (1.00--1.00)    

    % Hispanic                                                                                1.01 (1.01--1.02)   \*         1.01 (1.01--1.02)    \*

    % College graduates                                                                       1.06 (1.05--1.06)   \*         1.03 (1.02--1.04)    \*

    % Male                                                                                    1.02 (0.99--1.05)              1.04 (1.00--1.08)    \*

    % Poverty                                                                                 0.93 (0.93--0.94)   \*         1.01 (0.99--1.02)    

    Median household income (per \$1000)                                                      1.00 (1.00--1.00)   \*         1.00 (1.00--1.00)    

    % No health insurance                                                                     0.98 (0.98--0.99)   \*         0.98 (0.97--0.99)    \*

    % 65 years and older                                                                      0.93 (0.92--0.94)   \*         1.03 (1.01--1.04)    \*

    Population density                                                                                                                            

    Urban                                                                                     1.00                           1.00                 

    Not urban                                                                                 1.06 (1.05--1.07)   \*         0.99 (0.98--1.00)    
  ----------------------------------------------------------------------------------------------------------------------------------------------------

For all variables, coefficients are presented as a  10-unit change in the covariate unless otherwise specified.

\*Indicates statistical significance at the alpha 0.05 level.

†A 100-unit change ('hospital beds'),

‡A one-unit change ('number of FQHCs and RHCs' and 'hospitals with a primary care department').

§Result presented after rounding (before rounding coefficient was 0.99995 (0.99993--0.99998)).

CVHI, cardiovascular health index; FQHC, Federally Qualified Health Centre; HSA: health service area; RHC, Rural Health Centre.

Results from linear regression analyses assessing the association between community HCrRes and community-level CVHI are shown in [table 3](#T3){ref-type="table"}. In univariate analysis, all HCrRes variables were associated with CVHI except NPs and hospitals with primary care departments. After adjustment for HSA-level sociodemographic covariates, PCP-S, PAs and CVD specialists remained statistically significantly associated with community CVHI: PCP-S and PAs were positively associated with CVHI, while CVD specialists were negatively associated with community CVHI. Using standardised coefficients, college education was more important than any HCrRes or other HSA-level factor, and the number of primary care physicians was the most important HCrRes associated with community CVHI.

###### 

Results from linear regression analysis assessing the association between community (HSA) healthcare resources and community CVHI, unadjusted and adjusted for community (HSA) socioeconomic and demographic factors

  Covariate                                                       Univariate                      Adjusted   Standardised regression coefficient ('Beta')                               
  --------------------------------------------------------------- ------------ ------------------ ---------- ---------------------------------------------- ------------------ -------- ----
  Community (HSA) healthcare resources (per 100 000 population)                                                                                                                         
   Primary care physicians                                        0.06         0.05 to 0.07       \*         0.03                                           0.01 to 0.04       0.06     \*
   Physician assistants                                           0.05         0.03 to 0.06       \*         0.01                                           0.003 to 0.03      0.02     \*
   Nurse practitioners                                            0.005        −0.006 to 0.02                −0.01                                          −0.02 to 0.002     −0.02    
   Cardiovascular disease specialists                             0.12         0.07 to 0.18       \*         −0.08                                          −0.15 to −0.02     −0.03    \*
   Hospital beds†                                                 −0.01        −0.02 to −0.001    \*         −0.003                                         −0.01 to 0.007     −0.006   
   Number of FQHCs and RHCs‡                                      −0.009       −0.01 to −0.0006   \*         −0.002                                         −0.005 to 0.0007   −0.01    
   Hospitals with primary care department‡                        −0.003       −0.02 to 0.01                 −0.006                                         −0.02 to 0.008     −0.008   
  Community (HSA) demographic characteristics                                                                                                                                           
   % Non-Hispanic black                                           −0.05        −0.07 to −0.04     \*         −0.006                                         −0.02 to 0.01      −0.008   
   % Hispanic                                                     0.03         0.01 to 0.04       \*         0.03                                           0.009 to 0.05      0.04     \*
   % College graduates                                            0.19         0.17 to 0.22       \*         0.12                                           0.09 to 0.16       0.10     \*
   % Male                                                         0.22         0.06 to 0.37       \*         0.15                                           −0.002 to 0.30     0.02     
   % Poverty                                                      −0.25        −0.28 to −0.21     \*         −0.08                                          −0.15 to −0.01     −0.04    \*
   Median household income (per \$1000)                           0.01         0.01 to 0.02       \*         −0.00005                                       −0.004 to 0.004    0.0005   
   % No health insurance                                          −0.16        −0.21 to −0.11     \*         −0.05                                          −0.12 to 0.008     −0.02    
   % 65 years and older                                           −0.14        −0.20 to −0.07     \*         −0.03                                          −0.10 to 0.04      −0.009   
   Population density                                                                                                                                                                   
   Urban                                                          0.00                                       0.00                                                                       
   Not urban                                                      0.05         0.003 to 0.10      \*         −0.34                                          −0.82 to 0.11      −0.02    

Coefficients are presented as a 10-unit change in the covariate unless otherwise specified.

\*Statistical significance at the alpha 0.05 level.

A 100-unit change.

A one-unit change.

CVHI, cardiovascular health index; FQHC, Federally Qualified Health Centre; HSA, health service area; RHC, Rural Health Centre.

In assessing for differential associations between the number of primary care physicians and individual-level predicted CVHI, we observed statistically significant interactions between PCP-S and the following individual-level covariates: sex (p=0.01); race/ethnicity (p=0.04); household income (p=0.001); age (p\<0.001); community-level health insurance coverage (p=0.002); and population density (p=0.04). [Figure 2](#F2){ref-type="fig"} presents the predicted individual CVHI for these interactions. As PCP-S increased, CVHI increased in those aged 31--65 years ([figure 2A](#F2){ref-type="fig"}), but decreased in those 18--30 years, and did not change in those \>65 years. At all income levels, increased PCP-S was associated with higher CVHI, though those with household incomes \<\$25 000 benefited most ([figure 2B](#F2){ref-type="fig"}). Increased PCP-S was associated with higher CVHI for all race/ethnic groups except non-Hispanic blacks ([figure 2C](#F2){ref-type="fig"}); 'other' race/ethnicities benefited the most. Both men and women had higher CVHI with increased PCP-S, but women appeared to benefit more ([figure 2D](#F2){ref-type="fig"}). At all levels of community-level health insurance coverage, higher PCP-S was associated with increased CVHI ([figure 2E](#F2){ref-type="fig"}), though individuals in communities with lower levels of health insurance benefited the most. Individuals in both urban and non-urban communities experienced higher CVHI with increased PCP-S ([figure 2F](#F2){ref-type="fig"}), with individuals in non-urban communities benefiting more than urban-dwelling individuals.

![Results from regression analysis demonstrating differential association (interaction) between the number of primary care physicians per 100 000 population and individual-level predicted cardiovascular health index based on individual and community (health service area) covariates (demographic and socioeconomic factors): (A) individual age; (B) individual income; (C) individual race/ethnicity; (D) individual sex; (E) community insurance coverage; and (F) community population density.](bmjopen-2017-016758f02){#F2}

Finally, in community-level models, we observed a near statistically significant interaction (p=0.07) between PCP-S supply and population density, but no statistically significant interactions with any other covariates. As shown in online [supplementary figure S1](#SP1){ref-type="supplementary-material"}, similar to the results seen for individual-level models, both urban and non-urban communities had increased CVHI with increased PCP-S, and non-urban communities benefited slightly more than urban communities.

Discussion {#s4}
==========

Major findings and interpretation {#s4a}
---------------------------------

To our knowledge, this is the first study to assess the relationship between HCrRes availability and CVH. Our key finding is that the availability of primary care physicians and PAs is associated with improved CVH in both individuals and entire communities. This observation is consistent with previous studies reporting that PCP-S was associated with better health outcomes and that PAs may provide care similar to physicians.[@R38] However, we did not observe an association between NPs and CVHI, though other studies have suggested that NPs may also provide care similar to primary care physicians.[@R24] In this study, we were not able to account for the practice focus of NPs or PAs. Futures studies that differentiate between primary care-focused care and specialty-focused care may result in additional insights into the role of NPs and PAs inCVH.

Our observation that CVD specialist supply was negatively associated with CVHI is consistent with Starfield *et al,*[@R12] who reported that specialists were associated with increased mortality. These observations are not unexpected in a cross-sectional study: hospitals, and the specialists who staff them, tend to be geographically concentrated in areas of higher population and sicker individuals may move to areas with the HCrRes they need. The complex relationships between PCP-S, specialists, hospitals, the quality of care and health outcomes have been discussed by others,[@R16] and require further study.

HCrRes, particularly PCP-S, community covariates and individual factors were all significantly associated with individual-level CVHI, though individual factors had the greatest influence. This is not unexpected, as individual factors are much more proximal to individual health than are community factors. Further, these results are consistent with a deep literature discussing the positive association between education and health.[@R39] Interestingly, our results suggest that an individual's insurance status was not associated with CVHI, which is consistent with Sox *et al*,[@R40] who reported that a regular physician was more important than insurance status, as well as a more recent report from National Health and Nutrition Examination Surveys data wherein the observed association between insurance status and 'ideal' CVHI did not withstand adjustment for socioeconomic status.[@R41]

Few studies examine how individual and community demographic factors may interact to modify associations between health and HCrRes. Our results suggest that individuals who derived the largest CVH benefit from increased PCP-S were middle age; females; non-Hispanic or 'other' race/ethnicity; those with a household income \<\$25 000/year; those living in a non-urban community; and those in communities with low insurance coverage. The increased benefit for individuals living in communities with low insurance coverage may be due to the presence of RHCs and FQHCs. In a brief subanalysis, we confirmed that RHCs and FQHCs are present in significantly higher numbers in these communities (data not shown). Further, this observation is consistent with studies suggesting that community health centres are particularly helpful to vulnerable populations.[@R29] Groups benefiting the least from increased PCP-S were young adults and non-Hispanic blacks. In young adults, a negative association between CVHI and PCP-S may result from first-time healthcare visits resulting in a medical diagnosis (leading to decreased CVHI score). Our observation that non-Hispanic blacks do not benefit from increased PCP-S suggests that there may be other barriers to care or other factors affecting the relationship between HCrRes and health in this demographic group. Collectively, findings highlight the complex nature of the relationships between individuals and community-level and system-level variables. Future studies should better elucidate the complex relationships between PCP-S, medical homes, health seeking behaviour and health.

Implications {#s4b}
------------

Our results suggest two possible mechanistic pathways that may underpin our observations. The first pathway, though not the focus of this study but which cannot be overlooked, is that of individual mechanisms. Specifically, our results suggest that improving individual-level CVH would require targeting modifiable individual factors, particularly education and income. The continued importance of education for individual health cannot be ignored, and policies and programmes supporting higher educational attainment would likely result in improved health.

The second mechanistic pathway, and the primary focus of this study, is that of community-level healthcare resources, specifically the supply of primary care providers but not specialists or hospital beds. PCP-S was consistently associated with improved CVH in individuals, even after adjustment for all individual and community-level socioeconomic factors. PCP-S was also consistently associated with improved CVH in entire communities, *ceteris paribus* for all community-level socioeconomic factors. Given this observed, persistent importance of PCP-S, approaches to increase PCP-S would likely improve CVH in individuals and entire communities as a result of improved access to primary prevention and preventive healthcare services, including cardiovascular primary prevention and primary healthcare services targeted at CVD risk factor reduction. Thus, our results lend quantitative support to policies and programmes[@R4] aimed at increasing access to primary care in order to increase CVH and reduce disparities in CVH between age, income and gender groups.

However, the continued decline in the number of medical school graduates selecting primary care specialties presents a real and substantial challenge, especially in rural and underserved communities.[@R42] The antiprimary care specialisation trend is also a concern for PAs and NPs, where only 43% of PAs and 52% of NPs choose primary care specialties.[@R43] The magnitude of this challenge was underscored in a recent report that re-distribution of Graduate Medical Education (GME) payments from the Medicare Modernization Act, originally designed to increase medical residents in rural areas and in primary care, in fact had a net-negative effect on primary care training.[@R44] Research is urgently needed to identify strategies that effectively and meaningfully impact the number of primary care providers, especially in underserved communities.

Strengths and limitations {#s4c}
-------------------------

A key strength of this study is the use of BRFSS---a large, nationally representative sample. The key, and well-recognised, limitation of this study is the self-report methodology for all BRFSS questions, which may have overestimated CVHI. However, previous studies have documented both differences and consistencies in national prevalence estimates between BRFSS and other national health surveys.[@R45] Bias may have also resulted from our exclusion criteria: there was a significant proportion of participants with missing data and excluded communities were more likely to be rural with higher Hispanic populations. Thus, our results may not be generalisable to those populations.

Summary and conclusions {#s5}
=======================

This study provides an assessment of the specific healthcare resources that are associated with higher CVH, and is unique in that we assessed the associations with CVH in both individuals and entire communities. An increased focus on strategies and policies that affect health in entire populations is of growing importance: continued focus on the identification of individual-level risk factors and interventions is neither realistic nor sustainable given the increasing prevalence of chronic disease and chronic disease risk factors. Our results provide strong support that increasing the supply of primary care providers is likely to improve CVH in individuals and entire communities. Our findings, however, note two key caveats: not all sociodemographic groups will be likely to benefit equally from additional primary care providers and there are significant challenges to increasing the number of primary care providers in communities.
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